Mineral oils are refined petroleum products. They have been employed as contact insecticides to control insect pests on various crops in many parts of the world. Three types -premium motor spirit (PMS), dual purpose kerosene (DPK) and automotive gas oil (AGO) at 0.4% were evaluated to assess their efficacy in the control of major insect pests of cowpea in two locations -Asaba and Abraka, Delta State. Influence of pest control on grain yield was also determined and comparison of the two agro-ecological zones in terms of insect species and yield was made. The study was conducted at both locations during the early cropping season (May -July) of 2005. The experiments were conducted at Asaba in the Teaching and Research Farm of the Agronomy Department, Delta State University while at Abraka on a piece of land about 100 metres to Campus 2 of Delta State University, Abraka. The experimental design was a randomised complete block design with five treatments and three replications. The results indicated that all the tested mineral oils effectively controlled M. sjostedti at 0.4% concentration. Similarly, M. vitrata was subdued by PMS and AGO at both locations. Grain yields were high in the two locations; however, Abraka yields were significantly (P<0.05) higher than Asaba. The present study provides the evidence that mineral oils are suitable bio-chemicals for cowpea insect pests control in Nigeria and should be tested further so that it could be incorporated into the pest management programme.
INTRODUCTION
Several food crops are cultivated in the arid and semi-arid regions of the world. One of them which is extensively and intensively grown, is the legume cowpea (Vigna ungiculata) (L) Walp. The crop thrives in diverse soil types and climatic conditions (Alghali, 1991) .
Cowpea is cultivated for its grains as protein source to man (IITA, 1984) . Also, man derives from it vitamins, mineral salts, fats and oils. Equally important is its role in fibre production (Rachie, 1985) , erosion control and restoration of soil fertility (Okigbo, 1978) and in livestock industries (Job et al., 1983) , etc. In some African communities, it is consumed as vegetables (Duke, 1981) . Many farmers depend on it as source of income.
In Nigeria, cowpea cultivation is largely in the Sudan savannah (Rachie, 1985) . However, farmers in southern Nigeria began its cultivation, lately and is being successfully grown in the east and west of the country. Due to its vital roles, cowpea has become so "dear" to farmers that any factor that interferes with its cultivation is viewed as threat and has to be addressed. A number of production constraints have been clearly identified; among them are the activities of insect pests and diseases which adversely affect the crop while in the field (Taylor, 1964) . Damage due to insect pests alone has been put at 60 per cent (Singh and Allen, 1980) and may rise up to 80 per cent if they are not controlled (Jackai and Daoust, 1986) . The major insect pests of cowpea are the cowpea aphid, Aphis craccivora Koch, which attacks the seedlings, flowers and pods, flower bud thrips Megalurothrips sjostedti, Tryb. which destroys the flower bud, the legume pod borer, Maruca vitrata Fab which attacks the young stems, flowers, pods and seeds and a spectrum of pod sucking bugs among which are Clavigralla tomentosicollis Stal, Anoplocnemis curvipes Fab, Riptortus dentines Fab, Mirperus jaculus, Nezara viridula L and Aspavia armigera L. Without their control, yield at the farm level are low, hardly above 200kg/hectare (Omongo et al., 1993) .
A number of control measures are now available to curtail insect species; the most commonly used is the application of synthetic chemicals (Ayoade, 1975) . With this control, good grain yield, triple fold has been recorded (Jackai, 1993) . Sometimes, however, insecticide application becomes excessive and unwise (Omongo et al., 1997) resulting in health hazards to users, consumers, toxicity to mammals, destruction to non-target organisms such as predators, parasites and parasitoids and ultimately environmental pollution (Alabi et al., 2003) . Because of these dangers, there has been, recently, mounting world outcry against the use of chemicals. If chemicals are however abandoned the food situation would worsen (Stern, 1973) . The recommendation, therefore, is that their use should be minimised and be combined with other control measures devoid of dangers associated with synthetic chemicals.
Certain non-conventional chemicals such as extracts (botanicals) from various plants and plant derivatives (Jackai, 1983; Emosairue and Ubana, 1998; Oparaeke, 2006) native soap and mineral oils (Najar et al., 2007a; 2007b; Mensah et al., 2005a; 2005b; Al-dabal et al., 2007; Egho and Emosairue, 2010c) have been found to have insecticidal property and are also environmentally friendly.
This study is a comparative report on the effect of mineral oils on cowpea insect pests and grain yield in two widely apart locations (135 kilometres) in Delta State, during the early cowpea cropping season. (Remison, 1978e) and seeds that failed to sprout after 4 days were replaced. The plants were thinned to two per stand, 10 days after plant emergence. The chemicals used for insect pest control were mineral oils -premium motor spirit (PMS), dual purpose kerosene (DPK) and automotive gas oil (AGO) and conventional chemical -cypermethrin (CPM). A non-toxic 0.4 percent of PMS, DPK and AGO was adopted after running a concentration study of 0.1 to 0.5 on one month old cowpea in the farm. Each mineral oil was prepared by adding 1m, 2ml, 3ml, 4ml and 5ml to 1000ml of water in a beaker. Each mixture was then stirred for sometime to obtain fine droplets. Chemical application commenced 25 days after planting (DAP) and it was done weekly for five times. The experiment was arranged into a randomised complete block design with 5 treatments and 3 replications. The treatments were: PMS, DPK, AGO, CPM (as check) and a control. The farms were weeded regularly until plant maturity.
MATERIALS AND METHODS

Cowpea
Observation of insects and data collection:
Assessment of impact of chemical application on four major insect pests of cowpea and influence on yield was made.
Aphis craccivora: Population of A. craccivora on cowpea was determined weekly between 8 and 10 a.m. from the two middle rows of each crop at 25 days after planting. Twenty stands were randomly tagged and the aphid colony size on each was scored visually (Table 1 ). Six observations were made. The mean score for the 20 stands was then calculated and recorded.
Megalurothrips sjostedti: Damage incidence of M. sjostedti to cowpea in the field was determined between 8 and 10 a.m. by visual rating. From the two middle rows of each cowpea plot, 20 stands were selected and tagged. Each stand was then carefully inspected for damage and visually scored based on M. sjostedti symptoms such as browning/drying of stipules, leaf or flower buds and abscission ( Table 2) . The mean score of the 20 stands was then calculated and recorded. Observations were made 4 times at 6 days' intervals.
Maruca vitrata:
Flower damage by Maruca was carried out in the field by actual counting when the plants were 45 days of growth. Twenty flowers selected randomly from the 2 outer rows of each plot between 3 and 5 p.m. were each opened carefully and examined on the spot. Holes and larval presence on flowers were used as Maruca damage index. Moreover, flower thrips on each flower were counted and recorded when the flower was opened. Five observations were made at the intervals of 5 days.
The mean for the 20 flowers was calculated and recorded. very severe bud abscission, heavy browning, drying of stipules and buds; distinct nonelongation of (most or all) peduncles. After Jackai and Singh (1988) Occasional bare peduncles 9 81-100 After Jackai and Singh (1988) Pod sucking bugs (PSBs): The number of PSBs on cowpea stands in the 2 middle rows of each plot was counted when the plants were 45 days old. Weekly counting was made between 8 and 10.00 a.m. All PSBs were counted together since they do similar damage and PSBs beyond the nymphal stage were counted. Four observations were made. Grain yield: From the 2 central rows of each plot, grain yield was determined, when the plants were 65 to 70 days old. Matured pods from the 2 rows were harvested into labelled black polythene bags, according to treatments. The pods were sun-dried for 7 days and then shelled with hands. The dried grains were weighed with triple beam weighing balance (Haus model) and the weight recorded. The yield was extrapolated into kilogram per hectare.
Yield related components:
Number of pods per plant: This was carried out in the field when the pods were 60 days old and partially matured. A distance of 1 metre was marked with 2 sticks in the two middle rows of each plot. All pods with their stands that fell within this distance were counted. The number of pods was then divided by the number of plant stands.
Number of pods/plant = No. of pods___ No. of plant stands Pod load (PL) and Pod damage (PD): Both were determined in the field when the plants were 60 days of growth. From the 2 central rows of each plot, the PL x PD were visually rated on a scale of 1-9 points (Table 3 ). The presence of holes and frass on pods and sticking together of pods were used as Maruca damage index.
Pod evaluation index (Ipe): Determination of Ipe was done using the formula below, PL x (9 -PD) where PL is pod load and PD, pod damage (Jackai et al., 1988) . Pod length and seed damage: At the age of 65 days of plant growth, matured pods in the 2 middle rows of each plot were harvested into black polythene bags according to treatments. They were dried with sunlight for 1 week. From each bag, 20 pods were randomly picked and the length of each was determined with a flexible thread. The 20 pods were then opened one by one and the number of seeds per pod counted. Moreover, the seeds were classified into aborted seeds/pod, wrinkled seeds per pod and seeds with feeding lesions. Means for the 20 pod length and the classified seeds were calculated and recorded. The data for insect observation, yield and yield related components were subjected to analysis of variance (ANOVA) and significant means separated by Fisher's Least Significant Difference Test (LSD), at 5% level of significance.
RESULTS
All the major insect pests of cowpea (except Aphis craccivora) were observed during the early cropping season at Asaba. M. sjostedti damage to cowpea was significantly reduced by AGO and CPM compared to control (Table 4 ). The mineral oil treatments were statistically similar. CPM was significantly more effective in controlling M. sjostedti than the mineral oils. On flower bud thrips population, only CPM protected plots significantly reduced the population. Similar situation was encountered in the case of M. vitrata. With respect to PSB population, there was no significant difference among the treatments and when compared to control.
During the early experiment at Abraka, A. craccivora and the other major insect pests of cowpea were encountered (Table 5 ). There was no significant difference among the mineral oil protected plots and when compared to control for A. craccivora, flower bud thrips, M. vitrata and PSB. PSBs were virtually absent. Conversely, M. sjostedti damage was significantly reduced by all the mineral oils and CPM treatments compared to control.
Comparing insect damage at both locations in the early cropping season (Table 6 ) infestation of A. craccivora at Abraka was significantly higher than Asaba, while M. sjostedti damage and flower bud thrips population were significantly higher in Asaba than Abraka. For borers and coreid bugs, there were no significant differences for each insect in both locations. However, pod borers occurred slightly more at Asaba while coreid bugs were slightly more at Abraka.
Grain yield in the early season at Asaba is shown in Table 7 ).
The various treatments were not significantly different. However, CPM and AGO treated plots had slightly higher yields compared to PMS, DPK and control. Among the yield related components, pod length, pod load, pod damage and seeds with feeding lesions did not show significant difference among the various treatments and when compared to control. However, 100 seed weight, number of pods/plant, number of seeds/pod, pod evaluation index, aborted seeds/pod and wrinkled seeds/pod showed significant difference among the various treatments and when compared to control.
At Abraka in the same season, (Table 8) , grain yield was high though there was no significant difference among the treatments. CPM had the highest grain yield while the least was the control. Values for the various yield related components (except 100 seed weight and seeds with feeding lesions) did not show significant difference among the treatments.
When grain yields were compared in the two locations, yields were significantly higher (P<0.05) at Abraka than Asaba (Table 9) . Values for pod length, pod damage and wrinkled seeds/pod were all significantly higher at Asaba compared to Abraka. Conversely, number of pods/plant, pod load, pod evaluation index and aborted seeds per pod at Abraka were significantly higher in values than Asaba. No significant difference existed in values for 100 seed weight, number of seeds/pod and seeds with feeding lesions. ). This sharp difference may be due to light insect load on cowpea and possibly too, soil factor at Abraka compared to Asaba (an area for further research). The grain yield at Abraka compared favourably with grain yield reported from some of the main cowpea growing regions of Nigeria such as Mokwa, Samaru, Kano and Ilora (IITA Annual Report, 1986) and Bauchi (Degri and Hadi, 2000) . Furthermore, Abraka grain yield were higher than yield reported from Ibadan (Afun et al., 1991) and Calabar (Emosairue et al., 1984) non-cowpea growing areas of southern Nigeria. The low grain yield at Asaba compared to Abraka may be ascribed to severe insect pest damage and also the nature of soil. Yield related components at Abraka location had values that favoured grain yield compared to Asaba.
The application of mineral oils in the management of insect pests on crops have been reported by a number of workers such as Najar et al. (2007a; 2007b) who controlled Aphis gossypii Glover on cotton; others are Mensah et al. (2005a; 2005b) , Aldabal et al. (2007) and Egho (2011) . In Israel, insect pests on several crops have been successfully controlled with mineral oils as contact insecticides (Emosairue, 2009 -personal communication) .
This study has indicated that M. sjostedti is susceptible to all the tested mineral oils and M. vitrata is subdued by PMS and AGO at 0.4% concentration. The use of mineral oils to control major insect pests of cowpea in Nigeria is here reported for the first time. The study provides evidence that mineral oils (non conventional chemicals) are reliable biochemicals which can be incorporated into the pest management programme in Nigeria, more so since they are environmentally friendly and less expensive.
CONCLUSION
Mineral oils as contact insecticides were effective against M. sjostedti and M. vitrata at both locations during the early planting season. Grain yields were thrice higher at Abraka than Asaba. This study recommends that farmers intending to embark on cowpea production in Delta State should consider Abraka agro-ecological zone.
